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Abstract 
Synthetic aperture radar (SAR) images are inherently affected by multiplicative speckle noise, which is due to the 
radar coherent wave. In this paper, we introduce a new SAR despeckling method based on directionlet transform 
using Bayesian MAP estimator. The directionlet coefficients of the logarithmically transformed reflectance image 
and the speckle image are modeled Cauchy PDF and additive Gaussian distribution, respectively. Then, we exploit 
this as a priori information to design a maximum a posterior (MAP) estimator. A new method for estimating the 
dispersion parameter of Cauchy distribution is also presented. Experiment results, carried out on both synthetic 
speckled image and real SAR image, show that the proposed scheme removes noise from SAR images more 
efficiently. 
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1. Introduction  
Speckle noise occurs inherently in SAR imaging system due to employing coherent radiation. The 
presence of speckle noise in SAR images reduces the detectability of targets and makes scene analysis and 
understanding very difficult. Thus, the removal of the speckle is a critical preprocessing step in tasks such 
as segmentation, detection and classification in the processing of the SAR images. 
The goal of despeckling algorithm is to remove noise while preserving all the image’s textural features. 
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However, the fact that speckle noise in SAR images is multiplicative introduces significant difficulties in 
designing effective noise filtering algorithm. Many different spatial-domain despeckling filters using 
posteriori information of the SAR image have been proposed in the past few years. Among the more 
widely used filters are the Lee [1], Frost [2] and Gamma [3] filters. All these filters usually perform 
efficiently on most SAR images but with some limitations regarding resolution degradation and smoothing 
of uniform areas. With the advent of the multiresolution analysis, a significant breakthrough was made in 
the filed of despeckling. Since its introduction, wavelets have been universally regarded as extremely 
powerful tool for analysis of nonstationary signals and images. Basically, all wavelet methods involve as a 
first step the use of a logarithmic transform to separate the reflectance and speckle noise from the noisy 
image. Then, different wavelet despeckling approaches are adopted, including thresholding schemes which 
are based on Donoho’s pioneering work [4] and MAP estimator [5] which takes into consideration the 
statistics of the signal and speckle components. Although the discrete wavelet transform (DWT) can 
provides a better reduction of the speckle noise as compared with that of the spatial-domain filters, two 
drawbacks relating to wavelet-based methods must be noted, one is the DWT itself and the other is the 
statistical model. The DWT can’t capture edges and contours properly due to its isotropic property. Most 
models used in the literatures encounter some difficulties in practice, such as PDF’s expression [6] and 
parameters estimation [7].  
To overcome these difficulties, in this paper, despeckling is tackled as a MAP estimation problem based 
on directionlet. This anisotropic transform captures the edges and contours of the images more effectively 
comparing with the general DWT. In order to recover the noise-free image using MAP estimator from the 
observation, Cauchy PDF was utilized to model the directionlet coefficients of the logtransformed 
reflectance. We employ the less computational complexity method called logarithmic moments to estimate 
the parameter of Cauchy distribution. Simulations are carried out to study the performance of the proposed 
filter and to compare it with wavelet-based soft-thresholding techniques and the spatial domain filters 
using typical image corrupted with synthetic speckle noise as well as real SAR image. 
2. Directionlet Transform and Statistical Modeling of SAR Images  
2.1.  Directionlet Transform 
The directionlet transform based on integer lattices was proposed by V. Velisavljevic [8]. Here, we 
briefly review the directionlet transform. Directionlets are constructed as basis functions of the so called 
skewed anisotropic wavelet transforms (S-AWT). These transforms make use of the two concepts: 
anisotropy and directionality. Anisotropy is achieved by an unequal iteration of 1-D transform steps along 
two directions, that is, the transform is applied more along one than along the other direction. 
Directionality is obtained by implementation of the sampling using lattice.  
2.2. Statistics of Speckle Noise and Reflectance Image 
If we assume that the speckle noise is fully developed, the corresponding model of SAR image can be 
expressed as  
( ) ( ) ( )ptptspty ,,, η= (1)
In this paper, we choose the log-normal distribution as the speckle noise model, because the directionlet 
coefficients of speckle noise are treated as Gaussian distribution in the denoising filter. It can be generated 
using 
( ) )lnlog2exp(log mmMnormalnormal +=− εη   (2)
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where M and  are the mean and the median value of the distribution, respectively, and normalm ε  is a 
standard zero-mean, unit-variance Gaussian random variable. The equivalence between L  (Number of 
Looks) in a speckle image and m  in the expression (3) have been given in [9]. To transform the 
multiplicative speckle into additive noise, logarithmic operation is applied on both sides of (1) 
( ) ( ) ( )ptptSptY ,,, ε+= (3)






kj xd ,,, ξ+= (4) 
where  refers to the orientations at each scale, and  refers to the cosets. i k
Mallat [10] pointed out that the distribution of the wavelet coefficients is non-Gaussian, symmetric, and 
sharply peaked around zero with heavy tails. Thus, in this paper, we adopt the Cauchy PDF with zero 
location as the model of the directionlet coefficients of the log-transformed reflectance of SAR image. The 
Cauchy PDF is written as 
( ) ( )( )22 xxpx += γπγ (5) 
3. Bayesian MAP Estimator and Parameter Estimation  
MAP estimator is a powerful estimation strategy for random processes affected by noise. By applying 
the Bayes rule to (4), the estimator can be written as 
( ) ( ) ( ) ( )xpxpxdpdxp dxxddx || || = (6) 
Minimizing the conditional risk and selecting the uniform cost function, the MAP estimator of x  given 
the noisy observation  isd
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )sppspxdpspxdpdxpdx sssxddx ξξξ maxargmaxarg|maxarg|maxarg || =−===
∧
(7) 
In order to implement the MAP estimator in practice, we must estimate the parameters of the estimator. 
The standard deviation is obtained in the finest decomposition level by the measured directionlet 
coefficients as  
( ) 6745.01HHHMedian=ξσ (8) 
We use a fairly simple method called logarithmic moments [11] to estimate the parameter γ  of Cauchy 
PDF. If  is a Cauchy random variable, then we define a new random variable X XY log= . The moments of 
 of any order satisfy Y ( ) ( )[ ] 01 |, == ppkkk pCdpdYE αγα , simplifying the equation and selecting the first order, 
we have  
( ) γlog=YE (9)
4. Simulation Results 
In this section, we first describe our despeckling scheme, and then present simulation results obtained 
by processing both synthetic SAR images despeckled by synthetic speckle noise and true SAR images. 
Finally, the performance of the proposed method are compared with those of Gamma-MAP (GMAP) 
filter and wavelet-based soft thresholding (WST) scheme. In order to reduce the computational 
complexity, we only selected two anisotropic transforms to decompose the images, and computed the 
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]
mean of the despeckled results as the output. The corresponding generator matrices were 
[ ]TM 1,1;1,11 −=                                           (10)[ TM 1,1;1,12 −=
Daubechies’ symmlet 8 wavelet was used for a 3-level decomposition of the images, while a  mask 
was used in the Gamma-MAP filter. In the test experiment, two quantitative measures were computed to 
assess the performance of these methods, that is, signal-to-mean squared error (S/MSE) ratio and edge 
preservation [12] denoted as 
33×
β . As to the evaluation of the performance of the true SAR images, 
equivalent number of looks (ENL) was used to evaluate the despeckling effectiveness. A homogeneous 
region used to computed the ENL has been highlighted in noisy SAR image. 
Table 1.  S/MSE and β values of image Lena by the three schemes 
3=L 7=L 11=L
Method β βSMES SMES SMES β
WST 16.7237 0.0773 17.7007 0.1017 19.3747 0.1636
GMAP 16.6138 0.1861 18.8620 0.2322 21.8159 0.3452
Proposed 16.8728 0.2640 19.0100 0.3422 22.7748 0.5707
Table 1. shows the values of S/MSE and β  obtained by speckling the test images “Lena” shown in 
Fig.1(a) with 3-look, 7-look and 11-look simulated speckle noise, respectively. Note that the proposed 
method provides a substantial improvement in terms of β  over the other methods. Also note that larger 
values of S/MSE are achieved by the proposed algorithm, that is, it despeckles the noise more efficiently. 
The despeckled images obtained by the three methods are also shown in Fig.1 (b)-(e). 
Fig. 1. (a) Original image; (b)Speckled image with 11-look speckle noise; (c) Despeckled image using WST; (d) Despeckled image 
using GMAP; (e) Despeckled image using the proposed method. 
Fig. 2. (a) Noisy SAR image; (b) Despeckled using WST; (c) Despeckled using GMAP; (d) Despeckled using the proposed method. 
Table 2. ENL values of image Dock by the three schemes 
WST GMAP Proposed
ENL 18.0006 16.9222 17.2338
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Fig. 2 illustrates the real noisy SAR image “Dock” and the results obtained by the all methods. The ENL 
values obtained by the different methods are listed in Table 2.  Although the soft thresholding method 
achieves larger ENL values than our scheme, it over-smoothes the image and blurs many features. In terms 
of visual quality, our scheme achieves best result, especially in preserving the edges.  
5. Conclusion 
In this paper, a SAR image despeckling method based on directionlet transform using Bayesian MAP 
has been proposed. The reflectance and speckle noise components of the SAR image in directionlet domain 
were modeled as zero location Cauchy PDF and Gaussian distribution. Under the assumption, Bayesian 
MAP filter was construted to despeckle the SAR noise. The experimental results confirm that the proposed 
algorithm allows efficient removal of speckle noise, outperforming the previously proposed filters. 
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